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1
CONNECTOR

CROSS-REFERENCE TO RELATED
APPLICATION

The present application 1s a continuation of PCT/JP2020/

008785, filed on Mar. 3, 2020, and 1s related to and claims
priority from Japanese patent application no. 2019-048227,

filed on Mar. 15, 2019. The entire contents of the atoremen-
tioned application are hereby incorporated by reference
herein.

BACKGROUND

Technical Field

The disclosure relates to a connector.

Description of Related Art

As described in Japanese Laid-open Publication No.
2007-218264 and Japanese Laid-open Publication No. 2000-
265926, there 1s a fuel supply system that uses a high-
pressure pump to pressurize low-pressure fuel supplied from
a fuel tank by a low-pressure pump, and supplies pressurized
high-pressure fuel to an mternal combustion engine. In the
tuel supply system, since pulsation occurs 1n a low-pressure
pipe through which the low-pressure fuel flows due to the
drive of the high-pressure pump, the pulsation should be
reduced. In particular, when the high-pressure fuel pressur-
ized by the high-pressure pump flows in reverse to the
low-pressure pipe side, the pulsation in the low-pressure
pipe should be reduced.

In Japanese Laid-open Publication No. 2007-218264, a
damper mechanism 1s arranged to reduce the pulsation in the
low-pressure pipe. In Japanese Laid-open Publication No.
2000-2635926, a return passage that returns a part of the fuel
from the high-pressure pump to the low-pressure pipe side
1s arranged to reduce the pulsation 1n the low-pressure pipe,
and an electromagnetic valve and an orifice for opeming the
return passage are arranged.

SUMMARY
Technical Problem

However, the arrangement of the damper mechanism and
the return passage complicates the structure and leads to
high cost. In addition, manufacturing costs should be
reduced. For example, when molding a valve by using a
manufacturing method such as die casting and 1njection
molding that supplies a molten material into a mold, the life
of the mold should be extended. Therefore, the shape of the
valve should be designed such that the life of the mold may
be extended.

The disclosure provides a connector that 1s 1 a fuel
supply system capable of supplying high-pressure fuel, and

may reduce pulsation in a low-pressure pipe with a simple
structure and extend the life of a mold.

Solution to the Problem

The connector according to the disclosure 1s a connector
in a fuel supply system that pressurizes low-pressure fuel
supplied from a low-pressure pump by a high-pressure pump
and supplies high-pressure fuel to an internal combustion
engine, and 1s connected to a low-pressure pipe through
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which the low-pressure fuel tlows. The connector 1s formed
in a cylindrical shape, and includes a connector body that
has an annular valve seat on an inner circumierential sur-
face, and a valve that 1s housed inside the connector body
and 1s disposed reciprocally movable 1n a flow path direction
of the connector body.

The valve has a valve seat contact surface and a tapering
through hole. The valve seat contact surface 1s formed on an
outer circumierential surface, and axially separates from the
annular valve seat of the connector body and forms a
torward-direction tlow path with the annular valve seat of
the connector body due to the pressure of the low-pressure
fuel when the high-pressure fuel does not flow 1n reverse,
and 1s capable of coming into contact with the annular valve
seat ol the connector body when the high-pressure fuel flows
in reverse. The tapering through hole 1s formed farther
radially mnward than the valve seat contact surface, and
forms an orifice flow path having a smaller flow path
cross-sectional area than the forward-direction flow path,
and allows a reverse flow of the high-pressure fuel when the
high-pressure fuel flows in reverse.

In a steady state where the high-pressure fuel does not
flow 1n reverse, the valve moves to the high-pressure pump
side due to the pressure of the low-pressure fuel. As a result,
the valve seat contact surface of the valve 1s separated from
the annular valve seat of the connector body. In addition, the
forward-direction flow path 1s formed between the annular
valve seat of the connector body and the valve seat contact
surface. Therefore, the low-pressure fuel 1s supplied to the
high-pressure pump side by flowing through the forward-
direction tlow path.

On the other hand, when the high-pressure fuel flows 1n
reverse, the valve moves to the low-pressure pump side due
to the pressure of the high-pressure fuel. As a result, the
valve seat contact surface of the valve is 1n contact with the
annular valve seat of the connector body. However, the
tapering through hole for forming an orifice flow path 1s
formed 1n the valve. Therefore, the high-pressure fuel
slightly tlows to the low-pressure pump side via the tapering
through hole. The pulsation in the low-pressure pipe closer
to the low-pressure pump side than the connector reduces
due to an eflect of the onfice flow path of the tapering
through hole.

Furthermore, the valve 1s configured to be housed 1n the
connector. Here, the valve may be disposed in the low-
pressure pipe instead of being housed in the connector.
However, arranging the valve in the low-pressure pipe 1s not
casy as compared with arranging the valve 1n the connector
body. As a result, arranging the valve 1n the low-pressure
pipe 1s not easy in terms ol design and manufacture, and
leads to high cost. Therefore, by arranging the valve in the
connector body, the valve may be easily designed and
manufactured, and may surely exert a pulsation reduction
cllect.

Furthermore, the tapering through hole as the orifice flow
path 1s formed 1n the valve. In order to form the through hole
in the valve, a protrusion reproducing the through hole
should be provided on a mold. However, when the through
hole has a small diameter, the protrusion of the mold also has
a small diameter, and the durability of the protrusion of the
mold becomes an 1ssue.

Hence, the through hole as the orifice flow path 1s formed
in a tapering shape. The protrusion of the mold for forming
the tapering through hole also has a tapering shape. There-
fore, the mold may be designed having a large-diameter side
of the tapering protrusion as a base end side, and a small-
diameter side of the tapering protrusion as a tip end side.
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Compared with a case where the protrusion of the mold 1s
tformed having a same diameter throughout the entire length,
by forming the protrusion in a tapering shape, the durability
of the protrusion improves. That 1s, the life of the mold may
be extended by forming the tapering through hole of the
valve 1n a tapering shape.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a schematic view of a fuel supply system.

FIG. 2 1s an axial cross-sectional view of a connector,
showing a state 1n which a valve constituting the connector
1s 1n contact with an annular valve seat. The left side of the
view 1s a first low-pressure pipe (low-pressure pump) side,
and the right side of the view 1s a second low-pressure pipe
(high-pressure pump) side. In the view, a retainer 1s located
at an 1mtial position.

FIG. 3 1s an enlarged front view of the valve constituting
the connector of the first embodiment.

FI1G. 4 1s an axial cross-sectional view of the valve of FIG.
3.

FIG. 5 1s an axial cross-sectional view of a connector,
showing a state 1n which a valve 1s separated from an
annular valve seat. In the view, a retainer i1s located at a
conflrmation position.

FIG. 6 1s an axial cross-sectional view of a mold for
molding a valve.

DESCRIPTION OF TH.

L1l

EMBODIMENTS

(1. Configuration of Fuel Supply System 1)

The configuration of a fuel supply system 1 1s described
with reference to FIG. 1. As shown 1n FIG. 1, the fuel supply
system 1 1s a system supplying fuel from a fuel tank 11 to
an internal combustion engine 20. In particular, 1n the fuel
supply system 1, low-pressure fuel supplied from a low-
pressure pump 12 is pressurized by a high-pressure pump
16, and pressurized high-pressure fuel 1s supplied to the
internal combustion engine 20. The fuel supply system 1
includes the fuel tank 11, the low-pressure pump 12, a
pressure regulator 13, a first low-pressure pipe 14, a con-
nector 15, the high-pressure pump 16, a high-pressure pipe
17, a common rail 18, an njector 19, and the internal
combustion engine 20.

The low-pressure pump 12 1s disposed 1nside the fuel tank
11. A first end of the first low-pressure pipe 14 made of a
resin 1s connected to an outlet side of the low-pressure pump
12. That 1s, the low-pressure pump 12 pumps the fuel stored
in the fuel tank 11 to the first low-pressure pipe 14 side. The
pressure regulator 13 1s disposed 1n the fuel tank 11 and on
the low-pressure pump 12 side of the first low-pressure pipe
14. The low-pressure fuel flowing through the first low-
pressure pipe 14 1s regulated to a constant pressure by the
pressure regulator 13.

A second end (an opposite side to the low-pressure pump
12) of the first low-pressure pipe 14 1s connected to a first
end (a first cylindrical portion 31 described later) of the
connector 15. A second end of the connector 15 (a second
cylindrical portion 32 described later) 1s connected to a
second low-pressure pipe 16a integrally arranged with the
high-pressure pump 16. That 1s, the connector 15 connects
the two low-pressure pipes (the first low-pressure pipe 14
and the second low-pressure pipe 16a) where the low-
pressure fuel tlows through. Specifically, the connector 15
connects the first low-pressure pipe 14 and the second
low-pressure pipe 16a, and constitutes a tlow path supplying
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the low-pressure fuel together with the first low-pressure
pipe 14 and the second low-pressure pipe 16a.

The high-pressure pump 16 introduces the low-pressure
fuel at the constant pressure supplied from the low-pressure
pump 12 and the pressure regulator 13 via the first low-
pressure pipe 14, the connector 15, and the second low-
pressure pipe 16a. The high-pressure pump 16 pressurizes
the introduced low-pressure fuel and discharges the pres-
surized high-pressure fuel.

The high-pressure pump 16, for example, includes the
second low-pressure pipe 16a, a pump body 165 connected
to the second low-pressure pipe 16a, and a plunger 16c¢
arranged reciprocally movable 1n the pump body 165. There-
fore, the low-pressure fuel introduced into the pump body
1656 1s pressurized through a reciprocation of the plunger
16¢. However, the high-pressure pump 16 1s not limited to
using the plunger 16¢, and various configurations may be
adopted as long as the fuel can be pressurized.

Furthermore, the high-pressure pump 16, for example,
may be a mechanism linked to an operation of the internal
combustion engine 20. In this case, during the operation of
the internal combustion engine 20, the high-pressure pump
16 continuously operates regardless of whether the high-
pressure fuel 1s discharged. For example, when the high-
pressure pump 16 1s configured to have the plunger 16c,
there 1s a configuration 1 which the plunger 16¢ recipro-
cates by using a cam linked to a crankshait constituting the
internal combustion engine 20. In this case, the plunger 16¢
continues to reciprocate during an operation of the crank-
shaft.

The high-pressure fuel pressurized by the high-pressure
pump 16 i1s supplied to the common rail 18 via the high-
pressure pipe 17. The injector 19 corresponding to a number
of cylinders of the internal combustion engine 20 1s arranged
on the common rail 18, and the injector 19 1s mounted on the
internal combustion engine 20. Therefore, the high-pressure
fuel 1s 1njected to the internal combustion engine 20 via the
common rail 18 and the i1njector 19.

(2. Operation of Fuel Supply System 1)

The operation of the fuel supply system 1 1s described
with reference to FIG. 1. When there 1s a need to supply the
high-pressure fuel to the internal combustion engine 20, the
low-pressure pump 12 and the high-pressure pump 16
operate. In other words, the low-pressure pump 12 operates
so that the low-pressure fuel flows through the first low-
pressure pipe 14, the connector 15, and the second low-
pressure pipe 16q 1n a forward direction (a direction from the
low-pressure pump 12 toward the high-pressure pump 16),
and the low-pressure fuel 1s pressurized by the high-pressure
pump 16. Moreover, the high-pressure fuel pressurized by
the high-pressure pump 16 1s supplied to the internal com-
bustion engine 20 via the high-pressure pipe 17, the common
rail 18, and the imjector 19.

In addition, there may be no need to supply the high-
pressure fuel to the internal combustion engine 20 during the
operation of the internal combustion engine 20. In this case,
the high-pressure fuel 1s not supplied from the mjector 19 to
the internal combustion engine 20. However, since the
internal combustion engine 20 1s in operation, the crankshatt
constituting the internal combustion engine 20 continuously
operates.

Moreover, the plunger 16¢ of the high-pressure pump 16
operates by using the cam linked to the crankshaft consti-
tuting the internal combustion engine 20. Therefore, even
when there 1s no need to supply the high-pressure fuel to the
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internal combustion engine 20, the plunger 16¢ of the
high-pressure pump 16 continuously operates during the
operation of the crankshaft.

At this time, 1f the low-pressure pump 12 continuously
operates, the low-pressure fuel 1s continuously supplied to
the high-pressure pump 16 via the first low-pressure pipe 14,
the connector 15, and the second low-pressure pipe 16a. The
high-pressure pump 16 pressurizes the low-pressure fuel,
but may not supply the pressurized high-pressure tuel to the
internal combustion engine 20 side. Therefore, the high-
pressure fuel pressurized by the high-pressure pump 16 may
flow 1n reverse to the second low-pressure pipe 16a, the
connector 15, and the first low-pressure pipe 14.

Due to a reverse tlow of the high-pressure fuel, pulsation
may occur in the first low-pressure pipe 14. If the first
low-pressure pipe 14 vibrates due to the pulsation in the first
low-pressure pipe 14, there 1s a risk that an abnormal noise
or the like may occur. However, as described below, the
connector 15 has a function of reducing the pulsation in the
first low-pressure pipe 14. As a result, the pulsation 1n the
first low-pressure pipe 14 1s reduced, and the abnormal noise
and the like are prevented from occurring.

(3. Configuration of Connector 15)

The configuration of the connector 15 1s described with
reference to FIG. 2 and FIG. 3. As shown in FIG. 2, the
connector 15 connects the first low-pressure pipe 14 and the
second low-pressure pipe 16a, and circulates fuel between
the first low-pressure pipe 14 and the second low-pressure
pipe 16a. An end of the first low-pressure pipe 14 1s fitted on
the first end side of the connector 15, and an end of the
second low-pressure pipe 16a 1s mserted 1n the second end
side of the connector 15.

Here, the first low-pressure pipe 14, for example, 1s
formed of a resin, and 1s formed 1n a thuin-walled cylindrical
shape. Theretfore, the first low-pressure pipe 14 1s formed
more deformable 1n radial expansion as compared with the
connector 15. Furthermore, the second low-pressure pipe
16a, for example, 1s formed of a metal or a hard resin, and
1s formed in a cylindrical shape. The end of the second
low-pressure pipe 16a includes an annular flange 16a1l (also
referred to as a bead) which 1s formed protruding radially
outward at a position axially separated from a tip by a
distance, and a tip portion 1642 which 1s a small-diameter
portion closer to the tip side than the annular flange 164a1l.

The connector 15 1s described with an example of a quick
connector type 1n the following, but as long as pipes can be
connected, the connector 135 1s not limited to the quick
connector type. Furthermore, the connector 15 1s not limited
to the configuration of the quick connector type illustrated
below, and various quick connector types may be adopted.

The connector 15, for example, includes a connector body
30, a retaimner 40, a seal umit 50, a valve 60, an urging
member 70, and a fixation bush 80. The connector body 30
1s formed 1n a cylindrical shape having a first opening 31a
and a second opeming 32aq at two ends. In addition, the
connector body 30 circulates fuel between the first opening
31a that 1s connected to the first low-pressure pipe 14 and
the second opening 32a that 1s connected to the second
low-pressure pipe 16a. In other words, the connector body
30 1s a member for circulating fuel between the first opening
31a and the second opening 32a.

In the embodiment, the connector body 30 1s formed in a
linear cylindrical shape. However, the connector body 30 1s
not limited to the linear shape, and may be formed in a
cylindrical shape having a bent portion (not shown), such as
an L-shaped cylindrical shape. Furthermore, the connector
body 30 1s integrally molded out of a hard resin, and 1s
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constituted by a member. For example, the connector body
30 1s itegrally molded through injection molding. The
connector body 30, for example, 1s made of a glass fiber
reinforced polyamide. In addition, the connector body 30
may be formed by integrating a plurality of members.

When being classified by flow path direction, the connec-
tor body 30 includes the first cylindrical portion 31, the
second cylindrical portion 32, and a third cylindrical portion
33. In the forward direction of a fluid, the first cylindrical
portion 31, the third cylindrical portion 33, and the second
cylindrical portion 32 are connected 1n this order.

The first cylindrical portion 31 1s a portion connected to
the first low-pressure pipe 14. The first cylindrical portion 31
1s a portion including the first opening 314, and 1s formed 1n
a lmmear cylindrical shape. The first opening 31a 1s an
opening on a side where the end of the first low-pressure
pipe 14 1s fitted. The first cylindrical portion 31 overlaps
with the first low-pressure pipe 14 1n the flow path direction
when the end of the first low-pressure pipe 14 1s mounted on
an outer circumierential side of the first opening 31a side of
the first cylindrical portion 31. That 1s, an outer circumier-
ential surface of the first cylindrical portion 31 1s radially
opposite to an inner circumiferential surface of the first
low-pressure pipe 14 1n the entire length.

An mner circumierential surface of the first cylindrical
portion 31, for example, 1s formed in a cylindrical shape.
Furthermore, the inner circumierential surface of the first
cylindrical portion 31 constitutes a surface with which the
fuel 1s 1n direct contact. In addition, the outer circumierential
surface of the first cylindrical portion 31 1s formed 1n an
uneven shape 1n a cross section of the tlow path direction, so
that the first low-pressure pipe 14 does not come out when
being fitted. Moreover, an annular seal member 1s disposed
on the outer circumierential surface of the first cylindrical
portion 31, so as to have a sealing function between the outer
circumierential surface of the first cylindrical portion 31 and
the mner circumiferential surface of the first low-pressure
pipe 14.

Here, the first cylindrical portion 31 i1s formed of a
material less likely to deform than the first low-pressure pipe
14. Theretfore, when the first low-pressure pipe 14 1s fitted on
the first cylindrical portion 31, the first cylindrical portion 31
hardly deforms, and the first low-pressure pipe 14 radially
expands. That 1s, the first low-pressure pipe 14 deforms
following the unevenness of the outer circumierential sur-
face of the first cylindrical portion 31.

The second cylindrical portion 32 1s a portion connected
to the second low-pressure pipe 164, and 1s a portion in
which the retainer 40 and the seal unit 50 are disposed. The
second cylindrical portion 32 1s a portion including the
second opening 32aq, and 1s formed 1n a linear cylindrical
shape. The second opening 32a 1s an opening on a side
where the tip portion 1642 and the annular flange 164l of the
second low-pressure pipe 16a are inserted in. The second
cylindrical portion 32 overlaps with the second low-pressure
pipe 16a in the flow path direction when the second low-
pressure pipe 16a 1s inserted 1n.

The second cylindrical portion 32 includes a retainer
arrangement portion 326 on the second opening 32a side.
The retainer arrangement portion 3256 has a hole radially
penetrating, and 1s a portion on which the retainer 40 1s
disposed. The retainer 40 1s configured to be radially
engageable. The retainer arrangement portion 325 1s appro-
priately formed 1n different shapes according to a structure
of the retainer 40. In the embodiment, the connector body 30
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and the retainer 40 are separately formed, but a function of
the retainer 40 may be configured to be integrally arranged
with the connector body 30.

Taking the retainer arrangement portion 3256 as a refer-
ence point, the second cylindrical portion 32 includes a seal
portion 32¢ on an opposite side to the second opening 32a.
An 1ner circumierential surface of the seal portion 32¢, for
example, 1s formed 1n a cylindrical shape. The seal unit 50
1s disposed on the inner circumierential side of the seal
portion 32¢. Here, a diameter of the mner circumierential
surface of the second cylindrical portion 32 1s larger than a
diameter of the inner circumierential surface of the first
cylindrical portion 31. For example, the diameter of the
iner circumierential surface of the second cylindrical por-
tion 32 1s determined in consideration of a thickness of the
second low-pressure pipe 16a and a thickness of the seal unit
50 so that the diameter of the mner circumferential surface
of the first cylindrical portion 31 and the diameter of the
iner circumierential surface of the second low-pressure
pipe 16a are equivalent.

The third cylindrical portion 33 1s a portion in which the
valve 60, the urging member 70, and the fixation bush 80 are
disposed. The third cylindrical portion 33 connects an oppo-
site side to the first opening 31a in the first cylindrical
portion 31 and an opposite side to the second opening 32a
in the second cylindrical portion 32 1n the flow path direc-
tion. In a range of the third cylindrical portion 33, neither the
first low-pressure pipe 14 nor the second low-pressure pipe
16a exists.

Furthermore, the third cylindrical portion 33 includes a
small-diameter cylindrical portion 33a, a large-diameter
cylindrical portion 335, and a diameter expansion portion
33c¢. The small-diameter cylindrical portion 334 1s coaxially
connected to the first cylindrical portion 31. Therefore, the
small-diameter cylindrical portion 334 1s located on the first
opening 31a side of the third cylindrical portion 33. A
diameter of an inner circumierential surface of the small-
diameter cylindrical portion 33a 1s equivalent to the diam-
cter of the mner circumierential surface of the first cylin-
drical portion 31. Therefore, the small-diameter cylindrical
portion 33q forms a small-diameter flow path 1n the third
cylindrical portion 33.

The large-diameter cylindrical portion 335 1s coaxially
connected to the second cylindrical portion 32. Therelore,
the large-diameter cylindrical portion 335 1s located on the
second opening 32qa side of the third cylindrical portion 33.
A diameter of an inner circumierential surface of the large-
diameter cylindrical portion 335 1s substantially equivalent
to a diameter of an 1nner circumierential surface of a portion
in which an ultimate tip (a portion having an opening of the
tip portion 16a2) of the second low-pressure pipe 16a 1n the
second cylindrical portion 32 1s inserted. The large-diameter
cylindrical portion 335 forms a large-diameter tlow path 1n
the third cylindrical portion 33. Furthermore, in the embodi-
ment, the large-diameter cylindrical portion 335 and the
small-diameter cylindrical portion 334 are coaxially located.
Furthermore, the mner circumierential surface of the large-
diameter cylindrical portion 336 has an annular groove and
an annular protruding portion near the axial center or on the
second cylindrical portion 32 side.

The diameter expansion portion 33¢ connects the small-
diameter cylindrical portion 33a and the large-diameter
cylindrical portion 335. The diameter expansion portion 33¢
has an annular valve seat 33¢1 on an inner circumierential
surface. The annular valve seat 33¢1 1s formed 1n a tapering
shape that connects the mnner circumierential surface of the
small-diameter cylindrical portion 33a and the inner circum-
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ferential surface of the large-diameter cylindrical portion
33b6. The annular valve seat 33c¢1 radially expands from the
inner circumierential surface of the small-diameter cylindri-
cal portion 33a toward the inner circumierential surface of
the large-diameter cylindrical portion 335. The annular
valve seat 33¢1 1s a portion that 1s 1n direct contact with the
valve 60.

The retainer 40, for example, 1s made of a glass fiber
reinforced polyamide. The retainer 40 1s held on the retainer
arrangement portion 326 of the connector body 30. The
retainer 40 1s a member for connecting the connector body
30 and the second low-pressure pipe 16a. In addition, the
retainer 40 1s not limited to a configuration described below,
and various common configurations may be adopted.

The retainer 40 may move 1n a radial direction of the
retainer arrangement portion 326 due to a pushing operation
and a pulling operation of an operator. When the second
low-pressure pipe 16a 1s inserted 1n a regular position of the
second cylindrical portion 32, the retainer 40 may move
from an 1nitial position (a position shown in FIG. 2) shown
in FIG. 2 to a confirmation position (a position moved
toward the downside of FIG. 2 and a position shown 1n FIG.
5). Theretfore, the operator may confirm that the second
low-pressure pipe 16a 1s inserted 1n the normal position of
the second cylindrical portion 32 when it 1s possible to push
the retainer 40 1n.

Moreover, when the retainer 40 1s pushed into the con-
firmation position, the retainer 40 1s engaged with the
annular flange 16al of the second low-pressure pipe 16a 1n
a direction of pulling out the pipe, and the retainer 40 retains
the second low-pressure pipe 16a. That 1s, by pushing the
retainer 40, the operator may confirm that the second low-
pressure pipe 16a 1s iserted 1n the regular position of the
second cylindrical portion 32, and the second low-pressure
pipe 16a 1s retained by the retainer 40.

The seal unit 50 restricts the tlow of fuel between the
inner circumierential surface of the second cylindrical por-
tion 32 of the connector body 30 and the outer circumier-
ential surface of the second low-pressure pipe 16a. The seal
unmt 50, for example, 1s constituted by annular seal members
51 and 52 made of fluororubber, a collar 53 made of a resin
and sandwiched axially between the annular seal members

51 and 52, and a bush 54 made of a resin and positioning the
annular seal members 51 and 52 and the collar 53 on the seal
portion 32¢ of the second cylindrical portion 32. The tip
portion 1642 of the second low-pressure pipe 16a 1s mserted
on an inner circumierential side of the seal unit 50, and the
annular flange 16al of the second low-pressure pipe 16q 1s
located closer to the second opening 32a side than the seal
unit 50.

The valve 60 functions to circulate the low-pressure fuel
in the forward direction when the high-pressure fuel 1s 1n a
normal state of not flowing 1n reverse, and to reduce the
pulsation when the high-pressure tuel flows 1n reverse. The
valve 60 1s housed 1nside the third cylindrical portion 33 of
the connector body 30, and 1s reciprocally movable 1 an
axial direction of the third cylindrical portion 33. That 1s, the
valve 60 1s reciprocally movable 1n the flow path direction
in the third cylindrical portion 33. The valve 60 1s integrally
formed of a metal or a hard resin.

The valve 60 1ncludes a valve body 61, a large-diameter
restricting portion 62, a small-diameter restricting portion
63, and a mounting portion 64. As shown 1n FIG. 2 to FIG.
4, the valve body 61 1s formed 1n a plate shape or a bottomed
cylindrical shape. In the embodiment, the valve body 61 1s
formed 1n a plate shape.
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As shown 1n FIG. 3 and FIG. 4, an outer circumierential
surface of the valve body 61 includes a valve seat contact
surtace 61a. The valve seat contact surface 61a 1s formed 1n
a partially spherical shape. The valve seat contact surface
61a may be 1n contact with the annular valve seat 33¢1 of the
third cylindrical portion 33 of the connector body 30. That
1s, the valve seat contact surface 61a 1s reciprocally movable
between a contacting position and a separating position with
respect to the annular valve seat 33¢1.

When the valve seat contact surface 61a 1s in contact with
the annular valve seat 33c¢1, fuel 1s restricted from flowing
in a region between the valve seat contact surface 61a and
the annular valve seat 33¢1. On the other hand, when the
valve seat contact surface 61a 1s separated from the annular
valve seat 33c1, fuel may tlow 1n the region between the
valve seat contact surface 61a and the annular valve seat
33c1.

Here, the annular valve seat 33¢1 of the third cylindrical
portion 33 has a tapering shape, whereas the valve seat
contact surface 61a of the valve body 61 has a partially
spherical shape. Therefore, the annular valve seat 33¢1 and
the valve seat contact surface 6l1a 1s in linear contact.
Furthermore, even 11 a posture of the valve body 61 slightly
changes, the annular valve seat 33c¢1 and the valve seat
contact surface 61a are surely 1 contact because the valve
seat contact surface 61a 1s partially spherical.

The valve body 61 includes a tapering through hole 615
formed farther radially inward than the valve seat contact
surface 61a. The tapering through hole 615 forms an orifice
flow path. The tapering through hole 615 constantly circu-
lates the tlow of fuel between the first cylindrical portion 31
and the second cylindrical portion 32 in the connector body
30. Therefore, the tapering through hole 615 allows the
low-pressure fuel to tlow from the first cylindrical portion 31
to the second cylindrical portion 32 side in the forward
direction, and allows the high-pressure fuel to flow from the
second cylindrical portion 32 to the first cylindrical portion
31 side 1n the reverse direction.

Moreover, there may be one tapering through hole 615 or
a plurality of tapering through holes 615 formed 1n the valve
body 61. When one tapering through hole 615 1s formed, the
tapering through hole 615, for example, 1s formed 1n the
center of the valve body 61. In addition, the tapering through
hole 615 has a small-diameter opening and a large-diameter
opening because of being formed 1n a tapering shape. In the
embodiment, the small-diameter opening of the tapering
through hole 615 1s disposed on the low-pressure pump 12
side, and the large-diameter opening 1s disposed on the
high-pressure pump 16 side. However, the small-diameter
opening may be disposed on the high-pressure pump 16 side,
and the large-diameter opening may be disposed on the
low-pressure pump 12 side.

The large-diameter restricting portion 62 is integrally
formed on the valve body 61, and 1s formed extending from
an outer circumierential edge of a surface of the valve body
61 on the second cylindrical portion 32 side toward the
second cylindrical portion 32 side. As shown 1n FIG. 3, the
large-diameter restricting portion 62 1s formed 1n a plurality
of claw-like shapes, and a gap where fuel may tlow through
1s formed between the large-diameter restricting portions 62
that circumierentially adjoin each other. In the embodiment,
there are 6 large-diameter restricting portions 62 shown as
examples, but there may be any number of large-diameter
restricting portions 62.

A radial outer surface of the large-diameter restricting
portion 62 1s formed in a partially spherical shape that 1s
concentric with the valve seat contact surface 61a of the
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outer circumierential surface of the valve body 61. The
radial outer surface of the large-diameter restricting portion
62 may be 1n contact with the iner circumierential surface
of the large-diameter cylindrical portion 3356 of the third
cylindrical portion 33. As a result, the large-diameter
restricting portion 62 exerts a function of restricting the
posture of the valve 60 with respect to the third cylindrical
portion 33. However, the valve 60 1s disposed axially
movable 1nside the third cylindrical portion 33. Therefore,
the large-diameter restricting portion 62 1s disposed to have
a slight radial gap with respect to the large-diameter cylin-
drical portion 335 of the third cylindrical portion 33. Hence,
the posture of the valve 60 may change but change slightly.

The small-diameter restricting portion 63 1s integrally
formed on the valve body 61, and 1s formed axially extend-
ing 1n parallel from a surface of the valve body 61 on the first
cylindrical portion 31 side toward the first cylindrical por-
tion 31. As shown in FIG. 3, the small-diameter restricting
portion 63 1s formed 1n a plurality of claw-like shapes, and
a gap where fuel may flow through 1s formed between the
small-diameter restricting portions 63 that circumierentially
adjoin each other. In the embodiment, there are 4 small-
diameter restricting portions 63 shown as examples, but
there may be any number of small-diameter restricting
portions 63.

A radial outer surface of the small-diameter restricting
portion 63 may be 1n contact with the mnner circumierential
surface of the small-diameter cylindrical portion 33« of the
third cylindrical portion 33. As a result, the small-diameter
restricting portion 63 restricts the posture of the valve 60
with respect to the third cylindrical portion 33. However, the
valve 60 1s disposed axially movable inside the third cylin-
drical portion 33. Therefore, the small-diameter restricting
portion 63 1s disposed to have a slight radial gap with respect
to the small-diameter cylindrical portion 33a of the third
cylindrical portion 33. Hence, from this perspective, the
posture of the valve 60 may also change but changes
slightly.

The mounting portion 64 1s formed axially extending in
parallel from a radial inner surface of the large-diameter
restricting portion 62 toward the second cylindrical portion
32 side. As shown i FIG. 3, the mounting portion 64 1is
formed 1n a plurality of claw-like shapes, and a gap where
fuel may flow through 1s formed between the mounting
portions 64 that circumierentially adjoin each other. In the
embodiment, there are 6 mounting portions 64 shown as
examples, which 1s the same as the number of large-diameter
restricting portions 62, but there may be any number of
mounting portions 64. Moreover, a radial outer surface of
the mounting portion 64 1s opposite to the radial inner
surface of the large-diameter restricting portion 62 over a
gap radially.

The urging member 70 1s mounted on the radial outer
surface side of the mounting portion 64, and urges the valve
60 toward the annular valve seat 33¢1. A coil spring 1s given
as an example of the urging member 70, but other springs
may also be adopted. The urging member 70 may surely
exert an urging force on the valve 60 1n a direction toward
the annular valve seat 33¢1 because a posture of the urging
member 70 1s maintained. Furthermore, the urging force of
the urging member 70 1s set to be equal to or smaller than
the pressure of the low-pressure fuel. Therefore, the urging
member 70 1s compressed when the pressure of the low-
pressure fuel atlects.

The fixation bush 80 1s made of a metal or a hard resin,
and 1s formed 1n a cylindrical shape having a through hole

as shown 1n FIG. 2. The through hole of the fixation bush 80
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functions as a flow path of fuel. An outer circumierential
surface of the fixation bush 80 has an annular protruding
portion and an annular groove corresponding to the annular
groove and the annular protruding portion on the inner
circumierential surface of the large-diameter cylindrical
portion 33b. In addition, since the fixation bush 80 and the
large-diameter cylindrical portion 336 are engaged, the
fixation bush 80 1s axially positioned with respect to the third
cylindrical portion 33.

Moreover, the fixation bush 80 has an annular inner
protrusion 81 protruding radially inward, an cylindrical end
portion 82 extending from an outer circumierential side of
the 1nner protrusion 81 to the valve 60 side, and an annular
shaft protrusion 83 protruding from an mnner circumierential
side of the inner protrusion 81 to the valve 60 side and
partially opposing the cylindrical end portion 82. The urging,
member 70 1s disposed radially between the cylindrical end
portion 82 and the shaft protrusion 83, and is supported by
an end face of the inner protrusion 81. Therefore, the fixation
bush 80 may surely allow the valve seat contact surface 61a
of the valve 60 to be 1n contact with the annular valve seat
33c1 by restricting a moving range of the valve 60 and the
urging member 70.

(4. Effect of Valve 60)

The effect of the valve 60 1s described with reference to

FIG. 2 and FIG. 5. Here, FIG. 5 1llustrates a case where the

valve 60 1s 1n a first state, and FIG. 2 1llustrates a case where
the valve 60 1s 1n a second state.

The first state 1s that when the ligh-pressure fuel is 1n a
steady state of not flowing 1n reverse, the valve seat contact
surface 61a of the valve body 61 of the valve 60 axially
separates Irom the annular valve seat 33c¢1 of the third
cylindrical portion 33 of the connector body 30 due to the
pressure of the low-pressure fuel, and a forward-direction
flow path P (shown 1n FIG. §) 1s formed between the valve
seat contact surface 61a and the annular valve seat 33c1. The
second state 1s that when the high-pressure fuel 1s in a state
of flowing 1n reverse, the valve seat contact surface 61a of
the valve 60 i1s 1n contact with the annular valve seat 33¢1,
and the forward-direction flow path P between the valve seat

contact surface 6la and the annular valve seat 33c¢1 1is
closed.

First, during the steady state where the high-pressure fuel
does not flow 1n reverse, the valve 60 1s 1n the first state. The
case of the first state 1s described with reference to FIG. 5.
In the steady state where the high-pressure fuel does not tlow
in reverse, the low-pressure fuel regulated to the constant
pressure by the low-pressure pump 12 and the pressure
regulator 13 1s supplied to the pump body 165 of the
high-pressure pump 16 via the first low-pressure pipe 14, the
connector 15, and the second low-pressure pipe 16a. At this
time, 1n the connector 15, a flow direction of the low-
pressure fuel 1s a direction (from left to right in FIG. §) from
the first cylindrical portion 31 of the connector body 30
toward the second cylindrical portion 32 of the connector
body 30. Therefore, a force received by the valve 60 from
the low-pressure fuel 1s 1n a direction resisting the urging
force of the urging member 70.

Here, the urging force of the urging member 70 1s set to
be equal to or smaller than the pressure of the regulated
low-pressure fuel. Therefore, when the pressure of the
low-pressure fuel acts on the valve 60, the urging member 70
1s compressed, and the valve 60 moves to the high-pressure
pump 16 side. In that case, as shown 1n FIG. 5, the valve seat
contact surtface 61a of the valve body 61 of the valve 60 1s
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in the first state, which 1s being separated from the annular
valve seat 33c1 of the third cylindrical portion 33 of the
connector body 30.

Therefore, the forward-direction flow path P 1s formed
between the annular valve seat 33c¢1 and the valve seat
contact surface 61a. The forward-direction flow path P is
circumierentially formed on the entire circumierence of the
valve seat contact surface 61a. Furthermore, since a cross-
sectional area of the forward-direction tlow path P 1s set
sulliciently large, there 1s hardly any decrease 1n the pressure
of the low-pressure fuel 1n the forward-direction flow path P.
Theretfore, the low-pressure fuel 1s supplied to the pump
body 165 of the high-pressure pump 16 at a state 1n which
a required pressure state 1s maintained.

Here, the tapering through hole 615 constantly allows the
flow of fuel. Theretore, the low-pressure fuel flows through
the tapering through hole 615 1n addition to the forward-
direction tlow path P. However, a flow path cross-sectional
area 1n the small-diameter opening of the tapering through
hole 615 1s extremely small as compared with the flow path
cross-sectional area of the forward-direction flow path P.
Theretfore, most of the low-pressure fuel tlows through the
torward-direction tlow path P.

Next, when the high-pressure fuel flows 1n reverse, the
valve 60 1s 1n the second state. The case of the second state
1s described with reference to FIG. 2. There 1s high-pressure
fuel 1n the second low-pressure pipe 16a when the high-
pressure fuel flows in reverse. In addition, there 1s low-
pressure fuel in the first low-pressure pipe 14. Fuel acting on
two sides of the valve 60 has a pressure difference. As a
result, the high-pressure fuel tends to flow from the second
low-pressure pipe 16a to the first low-pressure pipe 14 side.

The valve 60 moves to the low-pressure pump 12 side due
to the pressure of the high-pressure fuel. As a result, the
valve 60 1s pushed to the annular valve seat 33c¢1 side.
Theretore, the valve seat contact surface 61a of the valve
body 61 of the valve 60 1s 1n the second state, which is being
in contact with the annular valve seat 33¢1. Hence, fuel 1s
restricted from flowing between the valve seat contact
surface 61a and the annular valve seat 33¢1. However, the
tapering through hole 615 constantly allowing the flow of
fuel 1s formed in the valve body 61. That 1s, the high-
pressure fuel slightly flows to the low-pressure pump 12 side
via the tapering through hole 615 between the high-pressure
pump 16 side and the low-pressure pump 12 side. In this
way, the high-pressure fuel 1s allowed to flow 1n reverse only
via the tapering through hole 615.

Moreover, the tapering through hole 615 forms the orifice
flow path that has the flow path cross-sectional area smaller
than the flow path cross-sectional area of the forward-
direction flow path P. Therefore, the high-pressure fuel in the
second low-pressure pipe 16a tlows to the first low-pressure
pipe 14 via the tapering through hole 615 as the orifice flow
path. As a result, through the eflect of the orifice flow path
of the tapering through hole 615, 1t 1s possible to prevent
pressure fluctuation of the high-pressure fuel generated in
the pump body 165 of the high-pressure pump 16 from being
directly transmitted to the first low-pressure pipe 14. That 1s,
the pulsation in the first low-pressure pipe 14 may be
reduced.

Furthermore, the valve 60 1s configured to be built 1n the
connector 15. Therefore, the valve 60 1s easily disposed. In
particular, the mner circumiferential surface of the third
cylindrical portion 33 of the connector body 30 1s a surface
that forms the forward-direction flow path P. Since the
connector body 30 1s easily formed, the forward-direction
flow path P 1s also easily formed on the inner circumierential
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surface of the connector body 30. Therefore, the connector
15 housing the valve 60 1s easily designed and manufac-
tured.

In addition, the valve 60 may be disposed in the first
low-pressure pipe 14 instead of being housed in the con-
nector 15. However, arranging the valve 60 in the first
low-pressure pipe 14 1s not easy as compared with arranging
the valve 60 in the connector body 30. As a result, arranging,
the valve 60 1n the first low-pressure pipe 14 1s not easy in
terms of design and manufacture, and leads to high cost.
Therefore, by arranging the valve 60 in the connector body
30, the valve 60 may be easily designed and manufactured,
and may surely exert a pulsation reduction efiect.

Furthermore, the valve seat contact surface 61a of the
valve body 61 has a partially spherical shape. Therefore,
when the valve 60 1s 1n the second state, even 11 the posture
of the valve 60 changes, the valve seat contact surface 61a
1s surely 1n contact with the annular valve seat 33¢1. That 1s,
in the second state, the annular valve seat 33¢1 and the valve
seat contact surface 61a may surely restrict the tlow of
high-pressure fluid. As a result, the tapering through hole
616 may surely exert the eflect of the orifice tlow path, and
thus may surely exert the pulsation reduction effect.

(3. Details of Tapering Through Hole 615)

The details of the tapering through hole 615 are described
with reference to FIG. 4. The tapering through hole 615 has
the small-diameter opening located on the low-pressure
pump 12 side and the large-diameter opening located on the
high-pressure pump 16 side. In the tapering through hole
615, flow resistance of fuel 1s small in a direction from the
large-diameter opening toward the small-diameter opening,
and 1s large i a reverse direction. The small-diameter
opening may be located on an inlet side of a portion where
the flow resistance 1s mtended to be increased.

In the embodiment, since the small-diameter opening 1s
located on the low-pressure pump 12 side, the tlow resis-
tance from the low-pressure pump 12 side to the high-
pressure pump 16 side 1s large. Therefore, in the first state
in which the low-pressure fuel tlows 1n the forward direc-
tion, the fuel flowing through the tapering through hole 615
1s extremely little as compared with the forward-direction
flow path P.

In addition, since the large-diameter opening 1s located on
the high-pressure pump 16 side, flow resistance from the
high-pressure pump 16 side to the low-pressure pump 12
side 1s small. Therefore, in the second state in which the
high-pressure tuel tlows 1n reverse, the tapering shape of the
tapering through hole 615 functions to lead the high-pres-
sure fuel to the tapering through hole 615. That 1s, the
high-pressure fuel may be led to the small-diameter opening,
having the minimum flow path cross-sectional area. As a
result, the tapering through hole 615 as the orifice tlow path
may function more eflfectively.

Here, as shown 1n FIG. 4, an inner diameter DS of the
small-diameter opening of the tapering through hole 615 1s
0.1 mm to 2.0 mm, and preferably 0.1 mm to 1.0 mm. The
small-diameter opeming greatly intluences the function as
the ornfice flow path. Therefore, the mner diameter of the
small-diameter opening 1s set according to a degree of the
function as the orifice flow path.

An inner diameter DL of the large-diameter opening of
the tapering through hole 615 1s greater than or equal to 1.0
mm, preferably greater than or equal to 2.0 mm, and more
preferably greater than or equal to 3.0 mm. The large-
diameter opening exerts a function of leading the high-
pressure fuel to the tapering through hole 615. Therefore, the
inner diameter DL of the large-diameter opening 1s set
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according to a degree of the function of leading the high-
pressure fuel, and 1s set according to the mnner diameter DS
of the small-diameter opening.

Furthermore, a taper angle 0 of the tapering through hole
615 1s 5 degrees to 45 degrees, and preferably 10 degrees to
30 degrees. The taper angle 0 1s equivalent to an apex angle
of a cone of the tapering through hole 615. When the taper
angle 0 1s less than 5 degrees, the life of a mold 120 (shown
in FIG. 6) described later decreases. When the taper angle O
1s greater than 45 degrees, the durability of the valve body
61 decreases because there 1s a thin portion 1in the valve body
61.

Furthermore, 1n the tapering through hole 615, an axial
distance H between the small-diameter opening and the
large-diameter opening 1s 1.0 mm to 4.0 mm. When the axial
distance H 1s less than 1.0 mm, the durability of the valve
body 61 decreases. When the axial distance H 1s greater than
4.0 mm, the life of the mold 120 described later decreases.

(6. Molds 110 and 120)

The molds 110 and 120 for molding the valve 60 are
described with reference to FIG. 6. The valve 60 1s formed
in the first mold 110 and the second mold 120. That 1s, the
valve 60 1s formed by supplying a molten material, such as
a molten resin, into cavities of the molds 110 and 120.

The first mold 110 has a first cavity surface 111 corre-
sponding to the small-diameter restricting portion 63 side,
and the second mold 120 has a second cavity surface 121
corresponding to the mounting portion 64 side. Moreover,
the second mold 120 has a protrusion 122 reproducing the
tapering through hole 615. A base end of the protrusion 122
corresponds to the large-diameter opening of the tapering
through hole 615, and a tip end of the protrusion 122
corresponds to the small-diameter opening of the tapering
through hole 615. In addition, the first mold 110 has a recess
112 for positioning the protrusion 122 by inserting the tip
end of the protrusion 122 of the second mold 120.

Here, in order to form the tapering through hole 615 1n the
valve body 61, a portion reproducing the tapering through
hole 615 should be provided on one of the molds 110 and
120. In the embodiment, the protrusion 122 1s provided on
the second mold 120. In addition, when the tapering through
hole 615 has a small diameter, the protrusion 122 of the
second mold 120 also has a small diameter, and the dura-
bility of the protrusion 122 of the second mold 120 becomes
an 1ssue.

However, the tapering through hole 615 as the orifice flow
path 1s formed 1n a tapering shape. Therefore, the protrusion
122 of the second mold 120 for forming the tapering through
hole 615 also has a tapering shape. In addition, the second
mold 120 may be designed to have the large-diameter side
ol the tapering protrusion 122 as the base end side, and the
small-diameter side of the tapering protrusion 122 as the tip
end side.

Compared with a case where the protrusion 122 of the
second mold 120 1s formed having a same diameter through-
out the entire length, by forming the protrusion 122 in a
tapering shape, the rigidity of the protrusion 122 increases.
In particular, even if a pressure of the molten material acts
on the protrusion 122, the durability of the protrusion 122
improves because the protrusion 122 has the rigidity. That 1s,
the life of the second mold 120 may be extended by forming
the tapering through hole 615 of the valve 60 1n a tapering
shape.

Moreover, the small-diameter opening of the tapering
through hole 615 1s formed by the tip end side of the
protrusion 122. Therefore, the mner diameter of the small-
diameter opening may be extremely small. By forming the
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protrusion 122 i a tapering shape, the mner diameter DS of
the small-diameter opening may achieve to be 0.1 mm to 2.0
mm, and preferably 0.1 mm to 1.0 mm.

Furthermore, the tip end of the protrusion 122 1s sup-
ported when being inserted into the recess 112 of the first
mold 110. Therefore, even if the pressure of the molten
material acts on the tip end portion, which has the small
diameter, of the protrusion 122, the durability of the pro-
trusion 122 may be improved since the protrusion 122 1s
supported by the recess 112.

What 1s claimed 1s:

1. A connector being 1in a fuel supply system that pres-
surizes low-pressure fuel supplied from a low-pressure
pump by a high-pressure pump and supplies high-pressure
fuel to an internal combustion engine, and connected to a
low-pressure pipe through which the low-pressure fuel
flows, the connector comprising:

a connector body formed in a cylindrical shape, and
having an annular valve seat on an inner circumieren-
tial surface; and

a valve housed inside the connector body, and disposed
reciprocally movable 1n a flow path direction of the
connector body,

wherein the valve comprises:

a valve seat contact surface formed on an outer cir-
cumierential surface, axially separating from the
annular valve seat of the connector body and forming
a forward-direction tlow path with the annular valve
seat ol the connector body due to pressure of the
low-pressure fuel when the high-pressure fuel does
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not flow 1n reverse, and being capable of coming 1nto
contact with the annular valve seat of the connector
body when the high-pressure fuel tlows 1n reverse;
and

a tapering through hole formed farther radially inward
than the valve seat contact surface, forming an
orifice flow path having a smaller tflow path cross-
sectional area than the forward-direction flow path,
and allowing a reverse tlow of the high-pressure fuel
when the high-pressure fuel flows 1n reverse.

2. The connector according to claim 1, wherein the
tapering through hole has a small-diameter opening that 1s
located on a low-pressure pump side, and a large-diameter
opening that 1s located on a high-pressure pump side.

3. The connector according to claim 1, wherein one
tapering through hole 1s formed 1n a center of the valve.

4. The connector according to claim 1, wherein the
small-diameter opening of the tapering through hole has an
inner diameter that 1s 0.1 mm to 2.0 mm.

5. The connector according to claim 4, wherein the 1nner
diameter of the small-diameter opening of the tapering
through hole 1s 0.1 mm to 1.0 mm.

6. The connector according to claim 1, wherein the
tapering through hole has a taper angle that 1s 5 degrees to
45 degrees.

7. The connector according to claim 1, wherein the
tapering through hole has an axial distance of 1.0 mm to 4.0
mm between a small-diameter opening and a large-diameter
opening.
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